INTRODUCTION
Growth regulators, i.e. auxins and cytokinins, induce de-or re-differentiation of cells in higher plants.
These substances, also, affect the enzyme activity in plant tissues. Galston et al. (1953) reported that in peas indole-acetic acid (IAA) changed a peroxidase-like enzyme from the active to inactive form. Using the same materials, Ockerse et al. (1966) found that the activity of peroxidase was suppressed by IAA treatment.
Since then, techniques for the electrophoretic study of enzyme activity have been greatly improved.
The present investigation was conducted to clarify the effects of several growth regulators and growth regulator-like sudstances, i.e. IAA, NAA, 2, 4-D, kinetin, adenine sulfate and casein hydrolysate, using morphological observations, chromosome number counts, esterase zymogras, and the profile and amino acid composition of the protein in calluses which had been derived from two different wheat species, and subcultured for different periods.
MATERIALS AND METHODS

1) Callus induction
Triticum dicoccum cv. Hokudai (2n=28) and T. aestivum cv. Chinese Spring (2n=42) were used. For study on variations of the zymogram during callus induction, sterilized soaked seeds were placed on agar in test tubes containing RM-64 basal medium (Linsmaier and Skoog 1965) supplemented with 3.0 mg/l of 2, 4-D. The calluses induced were subcultured once every two months. Table 1 shows the media used for the subculture and the organ redifferentiation, the number of subcultures made, and the morphological characteristics of the calluses, together with the designation (in abbreviation) of callus stocks. 2) Cytology Observation of chromosome numbers was carried out as follows: Pieces of callus were pretreated with cold water (0°C) for about 24 hours. These were fixed with 1:3 acetic alcohol, and were then hydrolyzed with 1 N-HC1 for 15 minutes at 60°C. They calluses were stained with Feulgen solution for about 1 hour, and then were squashed for microscopic observation.
3) Electrophoresis
The analysis of esterase isozymes was performed, using the ordinary gel iso-electro focusing method (Nakai et al. 1971) . One gram of each callus was homogenized in 2.0 ml of potassium phosphate buffer (0.05 M, pH 7.0, w/v). The homogenate was centrifuged at 13,000 r.p.m. for 15 minutes at 0°C. The supernatant was placed on polyacrylamide gel containing a carrier ampholite with a pH range of 5-8. The anode vessel on top and the cathode vessel on the bottom were filled with 0.02 M HCl and with 0.02 M ethylendiamine (w/v), respectively. The electric current was adjusted to 200 volt and was run for 3 hours.
The entire apparatus was kept in a cooling chamber at 4°C. After electrophoresis, gels were removed from the tubes, and soaked in phosphate buffer (1/15 M, pH 7.0, w/v) for 10 minutes. Then they were stained with 0.1% fast blue RR salt and 0.01% a-naphtyl acetate (w/v) in the same buffer.
4) Protein analysis
Protein in the callus was analyzed by the electrof ocusing method after Wrigley (1971). One gram of callus, leaves or roots were homogenized in 2.0 ml of potassium phosphate buffer (0.05 M, pH 7.0, w/v) containing 10% (w/v) sucrose.
With seeds, 50 mg of dry seeds was homogenized in 0.5 ml potassium phosphate buffer containing 10% sucrose.
All samples were centrifuged at 13,000 r.p.m. for 20 minutes at 0°C, then their supernatants were placed on 7.5% (w/v) acrylamide gels containing a carrier ampholite (pH range 3-10) and 4 M (w/v) urea. Five % sucrose solution (w/v) was placed on the samples to protect protein from denaturation by HCI. The procedures of electrofocusing used were the same as those used for the esterase study. After three hours, gels were removed from the tubes and were fixed in 10%(w/v) trichloroacetic acid (TCA) for 12 hours. The quantity of protein was measured spectrophotometrically at 280 mp using a spectrophotometer equipped with a linear gel transport.
5) Amino acid analysis
Amino acid analysis was perfomed with a Yanagimoto automatic analyzer. About 5 g of callus was lyophilized.
Dry seeds were powdered. Five miligrams of dry material was put in a tube, and 1 ml of 1N-HC1 was added. Hydrolysis was carried out in an electric furnace at 115°C for 24 hours.
After hydrolysis, the sample was dried, resuspended in 2 ml of citric acid buffer (pH 2.2), and analyzed with the amino acidd analyzer. with each other. However, the callus grown on C medium (Table 1) containing vitamm-free acid hydrolyzed casein and 2, 4-D was morphologically different from calluses grown on the other media ( Fig. 1) . Calluses which were cultured on D and A media (Table 1) had smooth surfaces, while the callus grown on C medium (Table 1) was of a congregation of small and globular pieces (Fig. lc) . Calluses grown on I and N media showed vigorous rooting.
No morphological differences were found between the calluses derived from T. dicoccum cv. Hokudai and those from T. aestivum cv. Chinese Spring.
The chromosome number of cells in Ad, Cd, Dd, Id and Nd calluses (Table 1 ) from T. dicoccum cv. Hokudai, varied from 9 to 56. Of these, 50% had 28 chromosomes, and 8% had 56 chromosomes.
The remaining 42% showed aneuploid chromosome numbers, ranging from 9 to 30. Of the callus cells derived from T. aestivum cv. Chinese Spring (2n=42), 40% had 42, and 4% had 28 chromosomes; the rest were aneuploid.
The proportion of cells having various chromosome numbers did not differ among the calluses grown on different media and among the subcultures for different periods.
2) Easterase isozymes in calluses grown on different media a) Change of the zymogram during callus growth Changes in the esterase zymogram were studied during successive subcultures of dicoccum calluses which were grown on different media.
First, the esterase zymograms of plants grown on the basal medium (control) for 1, 4 and 6 days after sowing were compared with those of plants of corresponding ages which were grown on D medium (Table 1) . The results are shown in Fig. 2 . The zymograms of one day old material grown on the basal and the D media did not differ from each other ( Figs. 2A and B ). However, a zymogram difference appeared in both the four day old meterial (four days after germination) ; the zymogram of D medium showed high activity for the pI 6.6 band, while the control lacked this band. Both the zymograms of six day old material showed an even greater difference between them; in the material of D medium, bands 7 (pI 6.75) and 8 (pI 7.0) disappeared almost completely.
At this age the callus was already formed (about 2 mm in diameter). The results are shown in Fig. 3 . The esterase zymogram changed greatly during the early stage of subculture (30 days-7 months), with relatively low total enzyme activity.
After seven months (3 to 4 subcultures), the zymogram became stabilized to a callus-specific zymogram, that did not change for many years. b) Variations of zymograms caused by a difference in the culture media A comparative study was carried out on the esterase zymograms of 155 calluses derived from T. dicoccum cv. Hokudai and T. aestivum cv. Chinese Spring, and on subcultures on five media, A, C, D, I and N. The subculture of the calluses on I and N media was successful only with callus derived from T. dicoccum cv. Hokudai. Calluses could have been subcultured for a relatively long time on A, C and D media. Table 2 shows the esterase zymograms obtained from different calluses, and their frequencies when two different zymograms were found among different calluses cultured on the Table 2 , calluses derived from T, dicoccum cv. Hokudai and T. aestivum cv. Chinese Spring showed distinctly different zymograms even on the same media.
Undoubtedly, the esterase zymogram is in some part under the control of species-specific genes. Three media, A, C and D, had in general very similar effects on the zymogram. I and N media exerted clearly different effects from the first three media, A, C and D; with greatly decreased esterase bands in their zymogram. Among the first three media, C medium (basal medium+casein hydrolysate) was unique in causing the unstable expression of band 6 in both T. dicoccum and T. aestivum calluses. The instability of this band caused by casein hydrolysate was not related to the age of the callus in terms of the number of subcultures made (Table 3) . D medium, also, this , also, seems to have no relation to the age of the callus (Table 3) .
3) Protein pattern and amino acid composition a) Protein patterns of calluses, leaves, roots and seeds The electrophoretic patterns of soluble protein, which was extracted from Ad , Cd, Aa and Ca calluses, from leaves and roots of two weeks old seedlings, and from grains , are compared from one another in Fig. 5 . As to the seeds, T. dicoccum cv. Hokudai had seven peaks at pI 4.8-7.2 (Fig. 5a ), while T. aestivum cv. Chinese Spring had five peaks at pI 6.5-7.2 (Fig. 5f ). Young leaves (Fig. 5b & g ) and roots ( Fig. 5e & j) , and calluses (Fig. 5c, d , h & i) had much less protein than seeds. Roots had a little more protein than leaves and calluses.
No variation of protein pattern was found among the different calluses. b) Amino acid composition The amino acid composition of the five calluses and the seeds of T, dicoccum cv. Hokudai and T, aestivum cv. Chinese Spring was analyzed according to the method described in Materials and Methods. The result is shown in Table 4 . In seeds, Chinese Spring had a higher content of cystine (about 10% more) than Hokudai, but no remarkable differences were found between the two wheats for the other amino acids.
However, the five calluses, of which two were derived from T, dicoccum cv. Hokudai, and three from T, aestivum cv. Chinese Spring, revealed differences in both the relative composition of the 17 amino acids and their total contents.
Cystine was not detected in any callus.
The contents of almost all the amino acids decreased in calluses grown on C medium (containing casein hydrolysate besides 2, 4-D), as compared to those grown on A medium (containing kinetin and adenine sulfate 2, 4-D). The Da callus of Chinese Spring, grown on D medium containing 2, 4-D at a high concentra- The smooth calluses, obtained from media containing a high concentration of 2, 4-D (3 mg/l) or adenine sulfate plus a lower concentration of 2, 4-D (1 mg/l), changed to the congregated globular callus, when casein hydrolysate was supplied to medium with a low concentration of 2, 4-D (1 mg/l) . This suggests that these substances have different functions in callus growth.
On the other hand, differences in the kind of media and in the duration of subculture did not change the chromosome constitution of callus cells. Shimada et al. (1967) and Shimada (1971) investigated the chromosome constitution of wheat and tobacco calluses, and pointed out that the chromosome constitution of tobacco callus varied with the length of subculture, but that the constitution of wheat callus cells did not change.
Thus wheat callus cells have a rather stable chromosome constitution in comparison to tobacco callus cells. Hems and Mee (1971) examined morphological, cytological and enzymatic differences among plantlets differentiated from the callus of two sugarcane clones, one clone being chromosomally stable and the other showing chromosome mosaicism.
They reported that greater variation of morphological characteristics was observed in plants belonging to the chromosomally unstable clone than in those of the stable clone. In the present investigation, however, the relationship between chromosomal variation and the variabilities of morphological characteristics and isozyme patterns in calluses were not clarified.
2) Esterase isozymes in wheat callus
Esterase zymograms changed during seedling development and callus induction. 2, 4-D, an auxin not found in nature, induced a callus-specific, though unstable, esterase isozyme (band 6) on the fourth day after seed germination, while the first morphological change in callus took place six days after seed germination on the same media. Sasakuma (1970) noted the first histological sign of callusing in root tissue five days after germination on a similar medium. Apparently, a change in the esterase zymogram due to callus induction by 2, 4-D is detectable prior to morphological changes of the tissue.
The zymogram of the callus became callus-specific (zymogram 1 in Table 2 ) after three subcultures (about 120 days. However, the expression of band 6' become unstable in both T. dicoccum and T, aestivum calluses when the medium contained casein hydrolysate.
Similarly, band 6 of T. dicoccum callus became unstable only when a high concentration of 2, 4-D (3 mg/l) was added. Yomo (1960) and Paleg (1960) found promotion of a-amylase synthesis by GA3 treatment. Ono and Masuda (1970) studied the relationship between peroxidase isozymes and growth regulators in tobacco callus, and found that 2, 4-D and kinetin control both callus morphology and the peroxidase zymogram.
Regulation of the two esterase isozymes by 2, 4-D and the casein hydroloysate in wheat callus found in the present investigation are additional examples of isozyme regulation by growth regulators.
3) Changes is protein profile and amino acid composition during callus induction
The seed protein profile of T, dicoccum cv. Hokudai (2n=28) contained three acidic bands (pI 4.9-6.0), which were not found in T, aestivum cv. Chinese Spring (2n=42). Undoubtedly, seeds of T. dicoccum possessed more acidic proteins than those of T. aestivum.
In contrast, proteins in leaves and roots showed no detectable difference between T. dicoccum cv. Hokudai and T. aestivum cv. Chinese Spring, because of the low protein content (Figs. 4b, e, g and j) . Protein of calluses (c, d, h and i) had a pattern similar to leaf protein (Figs. 4b and d) .
We also found that an amino acid in the protein of calluses was increased by 2, 4-D supplied to the medium at a high concentration (3 mg/l) ; i.e. glutamic acid. Tabata et al. (1971) reported the accumulation of glutamic and aspartic acids in tobacco callus, when 2, 4-D was supplied at a low concentration (0.022 mg/l). These results suggest that the synthesis of glutamic acid in wheat callus is promoted by a considerably higher concentration of 2, 4-D than in tobacco callus. In the pea, Yasuda et al. (1971) reported that 2, 4-D increased the acidic protein and decreased the basic protein in callus, as determined by the DEAE cellulose column method.
In the present investigation with the electrof ocusing method, no such effects of 2, 4-D were noticed.
But, the results of amino acid analysis revealed an increase in the aspartic and glutamic acids, and a decrease in the proline in callus (Table 4) .
SUMMARY
Some morphological, cytological and biochemical characteristics of the calluses, derived from tetra-and hexaploid wheat, which were grown on various media, were investigated.
Morphological characteristics:
The calluses derived from the two wheat species did not differ in morphology from each other, but growth regulators, in a broad sense, caused great variation.
The 2, 4-D, kenetin and adenine sulfate gave a smooth callus, casein hydrolysate produced a congregated globular callus, and IAA and NAA caused root development.
Variations in the chromosome number of callus cells did not differ due to the differences in the media used and in the length of the subculture.
Esterase zymogram : Esterase zymograms were analyzed by the gel iso-electrof ocusing method. Zymograms of one, four and six days old seedlings after germination differed from each other.
Zymograms of calluses which had been subcultured two or three times, became stable and uniform.
When 2, 4-D was added to the medium, a callus-specific band appeared four days after germination; that is, one day earlier than the histological change of the root induced by 2, 4-D. Casein hydrolysate caused the instability of band 6 (at pI 6.5) in calluses derived from both wheat species.
Protein profile: Seed protein from T. dicoccum had more acidic fractions than did T, aestivum.
Protein profiles of leaves, roots and calluses did not differ between T. dicoccum and T. aestivum.
Callus closely resembled roots in this regard. Amino acid composition of protein : The amino acid composition of protein and free amino acid were analyzed with seeds, calluses grown on different media. Seeds of T, aestivum cv. Chinese Spring showed a higher content of cystine than did T. dicoccum cv. Hokudai. 
